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The Anterolateral Triangle: Implications
for a Transnasal Prelacrimal Approach to
the Floor of the Middle Cranial Fossa
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Abstract

Background: The anterolateral triangle enclosed by the foramen rotundum and foramen ovale constitutes part of the floor

of the middle cranial fossa (MCF).

Objective: To assess the feasibility of a transnasal prelacrimal approach for accessing the floor of MCF via an anterolateral

triangle corridor and to determine the extent of maximal exposure while safeguarding neurovascular structures.

Methods: A transnasal prelacrimal approach was performed in 5 cadaveric specimens (10 sides). Following the identification

of foramen rotundum and foramen ovale, the bony ridge between 2 was drilled to expose the MCF. The temporal lobe dura

was then elevated laterally, and the distances from foramen ovale to the respective borders of the area of the MCF window

were measured using a surgical navigation device.

Results: The MCF was exposed with a 0� scope in all specimens also exposing significant landmarks including the middle

meningeal artery, greater superficial petrosal nerve, superior petrous sinus, and arcuate eminence. Average distances from

foramen ovale to the anterior, posterior, and lateral exposed borders were 22.86� 1.87 mm, 27.24� 0.94 mm, and 24.23

� 1.61 mm, respectively. The average area of exposed MCF window was 554.12� 60.22 mm2. Preservation of vidian nerve,

greater palatine nerve, lateral nasal wall, and nasolacrimal duct was possible in all 10 sides.

Conclusion: It is feasible to access the floor of MCF via an endoscopic transnasal prelacrimal approach with seemingly

low risk.
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Introduction

In the past 3 decades, endonasal expanded approaches

(EEA) have provided access for selected lesions in the

skull base of the anterior, middle and posterior fossae, as

well as the craniovertebral junction.1–3 As a representa-

tive paradigm, the endonasal transpterygoid approach

was successfully adopted to address lesions arising

from the lateral recess of the sphenoid sinus and the

anteromedial aspect of Meckel’s cave.4,5

The anterolateral triangle is enclosed by foramen

rotundum and foramen ovale constituting part of the

floor of middle cranial fossa (MCF).2,3 Traditional

approaches to resect lesions in this region include the

anterolateral and lateral open craniotomies.6,7 Their

potential for damaging the temporalis muscle and the

need for retraction of the temporal lobe have fostered
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the development of other minimally invasive techni-
ques.8 During the past decade, other minimal access
techniques (ie, transorbital approach,9 transantral, and
modified EEA techniques10,11) to the floor of MCF
have emerged.

Using EEA, Wong10 described that access to the MCF
through a transpterygoid approach could be achieved and
combined with transposition of the infraorbital nerve to
increase its exposure. In this study, the lateral nasal wall
was resected and the vidian neurovascular bundle was
sacrificed to enhance exposure. Moreover, a transantral
approach to the MCF, to provide visualization and access
to the MCF, also has been described.11 However, its need
for a sublabial incision, and resection of the anterior and
posterior maxillary walls may lead to post-operative com-
plications such as damage to facial soft tissues, infraorbi-
tal nerve dysfunction, oroantral fistula, and infections due
to the introduction of oral flora into the field.11

The transnasal prelacrimal approach was originally
described by Zhou et al. to address lesions located in
the prelacrimal recess of maxillary sinus.12 A prelacrimal
approach could also provide direct access to address
lesions adjacent or involving the foramen rotundum
and foramen ovale or their corresponding neurovascular
bundles.13,14 Moreover, previous cadaveric studies dem-
onstrated that a transnasal prelacrimal approach, with
preservation of lateral nasal wall, nasolacrimal duct, and
neurovascular bundles in pterygopalatine fossa, is a less
invasive technique than both the transpterygoid EEA
and the transantral approach.15–17 We therefore hypoth-
esized that in order to decrease the associated comorbid-
ities, the floor of MCF could be accessed via a transnasal
prelacrimal approach.

The purpose of this study was to assess the feasibility
of a transnasal prelacrimal approach for accessing the
floor of MCF via an anterolateral triangle corridor.
Moreover, it also aimed to determine the extent of max-
imal exposure while preserving the safety of neurovascu-
lar structures.

Materials and Methods

An endoscopic transnasal prelacrimal approach to the
MCF was performed in 5 adult cadaveric specimens
(10 sides) at the Anatomy Laboratory Toward
Visuospatial Surgical Innovations in Otolaryngology
and Neurosurgery (ALT-VISION) at the Wexner
Medical Center of the Ohio State University. Authors
involved in the dissections were certified by local regula-
tory agencies dealing with the use of human tissues and
cadaveric studies in The Ohio State University. Major
vessels of the neck, including the common carotid and
vertebral arteries and the internal jugular vein were com-
mercially injected with red (artery) and blue (vein) latex
dyes. All the specimens were preserved in 70% alcohol.

A 0� scope (4-mm diameter, 18-cm length) coupled to
a high definition camera and monitor and endoscopic
dissecting instruments (Karl Storz Endoscopy,
Tuttlingen, Germany) were used to provide visualization
and complete the dissections. A high-speed drill (Stryker
Co., Kalamazoo, Michigan) with straight handed-piece
and 3 to 4 mm rough diamond (hybrid) burrs was used
for the dissection and removal of bony structures. An
AIDA system (Karl Storz Endoscopy) was used to
record and save images (TIFF format) and videos
(MPEG format). Still photographs and videos were
obtained to define and document the anatomic relation-
ships from the endoscopic perspective to be correlated
with the multiplanar computed tomography (CT) views
provided by the image guidance system (Stryker Co.).

Each specimen underwent high resolution CT scan-
ning and their Digital Imaging and Communications in
Medicine (DICOM) format images data were imported
to a Stryker surgical navigation system (Stryker Co.).
Measurements including the distances from foramen
ovale to the anterior, lateral, and posterior exposed bor-
ders of the MCF, the areas of bony prelacrimal window
and MCF window were performed using the navigation
system. Results are presented as the mean� standard
deviation (SD).

Results

Surgical Technique

The technical nuances of transnasal prelacrimal approach
has been previously described,15–17 its main steps include:

(i) A vertical mucoperiosteal incision on the lateral
wall of the nasal cavity, between the pyriform aper-
ture and anterior head of the inferior turbinate,
extending inferiorly to the nasal floor.

(ii) Removal of the bony attachment of inferior turbi-
nate with a high-speed drill to expose the nasolacri-
mal duct and enter into the maxillary sinus
anterolateral to the nasolacrimal duct.

(iii) Displacement of the nasolacrimal duct medially and
partial removal of the medial and anterior walls of
maxillary sinus to increase instrument maneuverability.

Through the prelacrimal window, the posterolateral
wall of the maxillary sinus was removed with a
Kerrison rongeur to expose the periosteum. The
infraorbital nerve was traced proximally to the maxil-
lary nerve (V2) at the inferior orbital fissure. Following
removal of the periosteum, the internal maxillary artery
and its distal branches were identified (Figure 1(A)) and
sacrificed to expose the lateral pterygoid muscle and
greater wing of the sphenoid (Figure 1(B)).
Subperiosteal dissection of the superior head of lateral
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pterygoid muscle allowed its inferolateral displacement,

away from the greater wing of the sphenoid, to expose

foramen ovale (Figure 1(C)). Staying in a subperiosteal

plane minimizes the injury to the pterygoid vascular

plexus and thus would minimize bleeding in a clinical

scenario (Figure 1(D)).
The bony ridge of the anterolateral triangle enclosed

between the foramen rotundum and foramen ovale

(Figure 2(A)) was drilled to expose the dura of the

MCF (Figure 2(B)). The anterior and lateral walls of

the lateral recess of sphenoid sinus (if present) were

also removed to increase the access corridor (Figure 2

(C)). As one elevates the dura beneath the temporal lobe,

the lateral aspect of Meckel’s cave (with V1–V3 and the

Gasserian ganglion) could be exposed (Figure 3).
At the floor of MCF, the middle meningeal artery

emerges from the foramen spinosum and could be iden-

tified posterolateral to the foramen ovale (Figure 4(A)).

The middle meningeal artery courses in a lateral direc-

tion and branches out to supply the greater superficial

petrosal nerve (GSPN; Figure 4(B)). After further eleva-

tion of the dura, the GSPN, arcuate eminence, superior

petrous sinus, and posterior petrous edge could also be
identified in the posterolateral direction (Figure 5).

Navigational Measurements

In 7 of 10 sides (70%), superior displacement of the
maxillary nerve was needed to increase the exposure of
greater wing of the sphenoid and the foramen rotundum.

Three of the 10 sides (30%) had a well-pneumatized lat-
eral recess of sphenoid sinus, in which case its lateral wall
constituted the medial border of the MCF (Figure 2(C)).

Average distances from the foramen ovale to the ante-
rior, posterior, and lateral exposed borders of MCF
(Figure 6) were 22.86� 1.87 mm, 27.24� 0.94 mm and
24.23� 1.61 mm, respectively (Table 1); the average area
of the expanded prelacrimal window and MCF window
(Figure 2(B), enclosed dot lines) was 441.84� 37.75 mm2

and 554.12� 60.22 mm2, respectively (Table 2).

Discussion

By comparison with the endoscopic transpterygoid
approach to expose the MCF as previously reported,10

Figure 1. The IMA on right side was resected to increase the exposure (A); the MN was traced backward to identify FR and GWof the
sphenoid (B); the LPM was elevated under the periosteum (C, arrow); the VP was protected by the periosteum (D, arrow). FO, foramen
ovale; FR, foramen rotundum; GW, greater wing; IMA, internal maxillary artery; MN, maxillary nerve; LPM, lateral pterygoid muscle; VP,
venous plexus.
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the transnasal prelacrimal approach spares the lateral

nasal wall, nasolacrimal duct, and the greater palatine,

and vidian nerves in pterygopalatine fossa.18

Preservation of the lateral nasal wall may reduce

postoperative nasal morbidity and the preservation of

neurovascular contents in the pterygopalatine fossa

may also decrease the incidence of palatal numbness

and xerophthalmia.19

Figure 2. The bone ridge (A, highlighted) enclosed between FR and FO on right side was drilled to expose the window of the middle
cranial fossa (B, dotted lines); the anterior wall of LRSS was removed to increase exposure (C). FO, foramen ovale; LRSS, lateral recess of
sphenoidal sinus; MCF, middle cranial fossa; MN, maxillary nerve; VN, vidian nerve.

Figure 3. The dura of temporal lobe on right side was separated and elevated from the Meckel’s cave (A) to expose the GG and V1, V2,
and V3 (B and C). GG, Gasserian ganglion.

Figure 4. The MMA on right side exits the foramen spinosum (A, arrow) and coursed laterally in the middle cranial fossa floor providing
some small branches to nurture the GSPN (B, arrow). GSPN, greater superficial petrosal nerve; MMA, middle meningeal artery.
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Figure 5. The GSPN (A, arrow), arcuate eminence (B, arrow), superior petrous sinus (C, arrow), and posterior edge of the petrous apex
on right side (D, arrow) could be identified at the floor of middle cranial fossa.

Figure 6. The most anterior (A), posterior (B), and lateral (C) exposed borders accessed by a prelacrimal approach were recorded, and
the distances from foramen ovale to these borders were measured with navigation system (D).
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Both the foramen rotundum and foramen ovale could

be sufficiently exposed via a transnasal prelacrimal

approach.12–17 Therefore, the distal aspect of the antero-

lateral triangle, which is enclosed by V2 (foramen rotun-

dum) and V3 (foramen ovale), providing a direct avenue

and the rationality for exposure of the floor of MCF via

a prelacrimal approach.5 The average area of the MCF

window was 554.12� 60.22 mm2, which was adequate

for maneuverability into the floor of MCF through

this corridor. However, the drilling of the floor of

MCF via an endonasal corridor may carry the risk of

injury to the V2, V3, and the dura of MCF.
Foramen ovale is also an important landmark to

locate the internal carotid artery and Eustachian tube,

the petrous and paraclival segments of the internal

carotid artery, as well as the Eustachian tube are lying

posterior to it.20–22 Since all bone drilling for exposure of

MCF via a prelacrimal approach was lateral and anteri-

or to the foramen ovale, the risk of damage to the inter-

nal carotid artery and Eustachian tube is minimal.

A transterygoid EEA, progressing in a medial to lateral
direction; however, it carries a greater risk of damaging
these structures.4,23 Furthermore, a significant venous
bleeding from the pterygoid venous plexus and cavern-
ous sinus will be anticipated for procedures around the
floor of MCF. Therefore, a subperiosteal manipulation
and strategies for hemostasis (eg, gelatin sponge, fluid
gelatin) should be adequately prepared before perform-
ing a procedure close to the floor of the MCF and the
Meckel’s cave.

In addition to the foramen rotundum and foramen
ovale,20 this study also suggests that the middle menin-
geal artery, which is consistently located posterolateral
to the foramen ovale, may serve as an additional land-
mark for identification of neurovascular structures
within the MCF.24 Of note, accessing the lateral aspect
of Meckel’s cave does not require sacrifice of the middle
meningeal artery. Addressing lesions in the posterolater-
al aspect of the MCF, however, require sacrificing the
middle meningeal artery for adequate exposure. Based
on the measurement presented in this study, the resec-
tion of the middle meningeal artery can enhance the lat-
eral exposure of the MCF to 24.23� 1.61 mm away from
the foramen ovale via a transnasal prelacrimal corridor.

GSPN travels from the geniculate ganglion to the
posterior aspect of V3 crossing the floor of MCF, then
combines with the deep petrous nerve to form the vidian
nerve.25 GSPN is a useful landmark for surgical proce-
dures in the MCF26 and also seems to serve this purpose
during an endonasal prelacrimal approach. Other land-
marks such as the arcuate eminence and posterior
petrous ridge could also be exposed via a prelacrimal
approach; however, one should recognize that the con-
traction of the brain in a cadaveric specimen eases their
exposure, which could be much more difficult in a
patient. For management of lesions in the posterolateral
aspect of the MCF; however, significant retraction of the
temporal lobe seems unavoidable; thus, the anterolateral
or lateral craniotomies are still the golden standard to
access lesions in this area.6,7,27

Reconstruction of the MCF defect is an important
consideration before selecting a surgical approach.
As a component of multilayer skull base reconstruction
(2 layers of facia lata inside), we recommend transposi-
tion of an ipsilateral posterior pedicled lateral nasal wall
flap or a contralateral pedicled nasoseptal flap for over-
lay reconstruction of deficiency of the MCF, the utility
and efficacy of these flaps have been illustrated
previously.28,29

Despite the average area of the bony prelacrimal
window was 441.84� 37.75 mm2 after partial removal
of the medial and anterior walls of the maxillary sinus,
the authors recognized that it was still a challenge to
simultaneously manipulate the rod-lens endoscope and
2 instruments through the prelacrimal window.16

Table 1. Measurement of Distances (mm) From FO to LB, PB,
and AB of the Expanded Middle Cranial Fossa.

No. FO to LB FO to PB FO to AB

1 22.70 28.20 21.40

2 25.00 28.30 21.20

3 22.60 27.60 25.90

4 25.70 28.70 21.20

5 23.20 27.40 22.80

6 21.80 26.10 21.00

7 26.60 26.90 24.90

8 24.20 26.40 25.40

9 25.90 26.60 22.60

10 24.60 26.20 22.20

Mean�SD 24.23� 1.61 27.24� 0.94 22.86� 1.87

Abbreviations: AB, anterior border; FO, foramen ovale; LB, lateral border;

PB, posterior border.

Table 2. Areas (mm2) of the Bony Prelacrimal Window and the
Middle Cranial Fossa Window.

No.

Bony Prelacrimal

Window

Middle Cranial

Fossa Window

1 384.48 485.78

2 410.26 530.00

3 435.12 585.34

4 495.90 544.84

5 438.47 528.96

6 462.00 457.80

7 491.31 662.34

8 416.16 614.68

9 474.33 585.34

10 410.40 546.12

Mean�SD 441.84� 37.75 554.12� 60.22
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The addition of an anterior antrostomy such as a

Caldwell–Luc approach or any other variant, including

expanding the prelacrimal window laterally, could obvi-

ate the restriction for instrumentation.30 However,

removal of the piriform crest and anterior face of the

maxillary sinus, and displacement of the nasolacrimal

duct as required to facilitate or expand the prelacrimal

corridor, may carry the risk of postoperative piriform

aperture stenosis, alar constriction, and epiphora.

Moreover, for cases with hypoplasia of the maxillary

sinus or poor pneumatization of the prelacrimal fossa

where the distance between the pyriform aperture and

nasolacrimal duct may be smaller than usual, utilization

of a transnasal prelacrimal corridor may be difficult or

impossible.12,15 Therefore, this reiterates the need to

study the radiological anatomy preoperatively to deter-

mine the suitability of the approach.
Through the cadaveric investigations performed in the

present study, it seems that the transnasal prelacrimal

approach can provide an alternative or as an assistance

for open craniotomies for management of lesions arising

from the floor of MCF with seemingly low risks.

However, it is still a preclinical study, which deserves fur-

ther clinical validation. Nonetheless, the investigation of

associated landmarks and the anatomical basis are sound.

Conclusion

A transnasal prelacrimal approach is feasible to access

the floor of MCF via an anterolateral triangle corridor.

Risks of damaging the internal carotid artery and

Eustachian tube are low, and structures such as the lat-

eral nasal wall, vidian nerve, and greater palatine nerve

may be preserved.
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